phoresis reveals the existence of several subunits of which one, M, 140 000-180 000, exhibits catalytic activity. There is similar uncertainty about the M, of the catalytic subunit of DNA polymerase-a in animal cells. Some preparations also exhibit a polypeptide of M, 210000, which we interpret as being due to incomplete denaturation by SDS. However, a similar-sized polypeptide in preparations of DNA polymerase-& from calf-thymus is regarded as an incompletely processed precursor of the catalytic subunit (Masaki et al., 1984) . Interpretation of the subunit structure is further complicated because the catalytic subunit is subject to proteolysis, yielding discrete breakdown products of M, 110000, 100000, 75000 and 45000.
These retain catalytic activity (Chivers & Bryant, 1983) .
Good active preparations of pea DNA polymerase-a also exhibit primase activity. In the presence of ribonucleoside triphosphates, in addition to deoxyribonucleoside triphosphates, DNA polymerase activity on an otherwise unprimed single-stranded M13 DNA template is markedly enhanced. This enhancement is accompanied by the incorporation of small amounts of ribonucleotides into a trichloroacetic acid-insoluble form. However, primase activity is not exlubited by all polymerase preparations, and it is possible that primase is either a loosely associated subunit or an unstable subunit. This contrasts with the situation in wheat, where primase is a completely separate enzyme activity (Graveline et al., 1984) .
Topoisomerase I activity in pea seedlings is tightly bound to chromatin, again contrasting with wheat, where the enzyme appears to be soluble (Dyan et al., 1981) . Pea chromatin is prepared as described previously (Stevens et al., 1978) and topoisomerase is solubilized from it by stirring with 2M-(NH4)2S04. After de-salting through Sephadex (3-25, the solubilized enzyme is assayed by its ability to convert supercoiled circular DNA to relaxed circular DNA via a series of topoisomers (Fig. 1) . The enzyme is not dependent on Mgz+ or on ATP, but is stimulated by NaCl and by phosphate, exhibiting an optimum at 100mM for both. These properties are very similar to those described for wheat topoisomerase (Dyan etal., 1981) .
In addition to the enzyme activities described here, we have also investigated DNA ligase (Daniel et al., 1985) . However, several more enzyme activities remain to be identified and characterized. DNA ligase is an essential enzyme activity in DNA replication and repair. In animal cells there is circumstantial evidence that these two roles are fulfilled by different DNA ligases (Bryant, 1985) and there is also evidence that the two roles are regulated in different ways. In particular, the DNA repair activity of DNA ligase is regulated by poly(ADP-ribose) (Creissen & Shall, 1982) ; the polymer is thought to locally neutralize positive changes in histones, thereby loosening the DNA-histone interactions, and also to aid in the location of the ligase at strand breaks (Ohashi et al., 1983) .
Very much less is known about the DNA ligases of plants, despite the identification of ligase activity in plants as long ago at 197 1 (Howell & Stern, 197 1 ; Kessler, 197 1 ; Tsukada & Nishi, 1971) . DNA ligase is a very low activity enzyme in plants, and may also be unstable (Dunham & Bryant 1985) . In order to achieve further progress, a sensitive assay system and a suitable protective extraction medium are required. These are now available (Barker et al., Vol. 13 BIOCHEMICAL SOCIETY TRANSACTIONS 1985 : Daniel et al., 1985 and a preliminary characterization of the DNA ligases of pea has now been made.
Embryo axes of pea seedlings were homogenized in 50 mM-Tris/HCl buffer (pH 7.5), containing 25 mM-sucrose, 5 mM-MgC12, 1 mM-phenylmethanesulphanyl fluoride, 10 mM-0-mercaptoethanol and 20% (w/v) glycerol. The homogenate was centrifuged at 3000g for 15 min. The pellet was washed and suspended in the same buffer minus 25mM-sucrose but with the addition of 300mM-KC1 and 0.5% (w/v) Nonidet P40, and stirred for 3 h. The suspension was centrifuged at 2 7 0 0 0 g for 1 h and the supernatant was used as the chromatin-bound form of DNA ligase.
The supernatant from the first (i.e. 3000g) centrifugation was recentrifuged at 27000g for 1 h to eliminate the cell debris. The pellet was discarded and the enzyme ('soluble' DNA ligase) was partially purified from the supernatant by chromatography on DEAE-cellulose. Details of the assay will be published elsewhere (Barker et al., 1985; Daniel et al., 1985) . In summary the assay measures the ligation of two oligonucleotide-sequencing primers (15 and 17 nucleotides in length) which anneal to directly adjacent positions on a single-stranded M13 DNA template. Measurable 'soluble' and chromatin-bound DNA ligase activities are present in the embryo axis at least as early as 8 h after the onset of imbibition (Table 1) and then increase as germination proceeds. Between 8 h and 48 h the chromatin-bound form increases nearly 10-fold compared with a 6-fold increase in the soluble activity. There is then a slight decline in the chromatin-bound activity between 48 and 72 h while the soluble activity continues to increase.
Although these data do not unequivocally identify a specific role for either form of DNA ligase, it is interesting to note that the pattern of change in activity of the chromatin-bound DNA ligase is somewhat similar to that shown by DNA polymerase-0 (early increase, then a plateau; Robinson & Bryant, 1975) and poly (ADP-ribose) polymerase (increases, then declines; Grey & Bryant, 1984) . Further, there is evidence from other plants that repair of single-strand breaks and other lesions occurs early in germination and seedling growth (Osborne et al., 1980) . This taken with the possible role of poly (ADP-ribose) in regulating the repair type of DNA ligase (Creissen & Shall, 1982) , suggests that the chromatin-bound ligase is involved in DNA repair. By contrast, when expressed on an embryo axis basis, the soluble DNA ligase continues to increase up to at least 72 h. Similar behaviour is shown by DNA polymerase-a, the replicative DNA polymerase (Robinson & Bryant, 1975) . These data may thus indicate a role for soluble DNA ligase in DNA replication. Our understanding of the biochemical pathogenesis of many inborn errors of human metabolism has developed with a reasonably consistent pattern. Initially, there is the clinical recognition of a disease entity, characterized by a particular set of pathological features. At the same time, it is often noted that there is a familial connection. Later, the pathology is investigated at the tissue or cellular level by means of light microscopy (and subsequently by electron microscopy). There is often a long time lag before a breakthrough is made in characterizing the biochemical basis of the observed pathology, the precise nature of the genetic lesion and its mode of inheritance. We wished to put across some of these concepts to our Abbreviation used: ACD, angiokeratoma corporis diffusum.
BSc. students. The disorder that we chose was Fabry disease, sometimes referred to by its former name angiokeratoma corporis diffusum (ACD). The information concerning the disease was taken from the chapter by Desnick & Sweeley (1983) in the book 7he Metabolic Basis of Inherited Disease. The relevant facts were cast in the form of a problem-solving game in order to inject an element of informal competition. Such an approach can be adapted to any inborn error of metabolism and to other concepts of human biochemical genetics. A week before the game, the students are provided with a handout describing the general nature of the condition under study, the organization of the game itself, and its educational objectives. On the day, they are allocated to one of two teams, each of which has an academic 'adviser'. The role of the adviser is to stimulate discussion and to summarize the main findings of the team for subsequent presentation. A third academic acts as the repository of information, which is provided on small cards, one set for each team. 1985 
